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STJMMARY

Resultsofa free-flightinvestigationtodeterminethedrsgof
circular,finite-lengthcylindersarepresentedfora Machnuuiberrange
fromabout0.5to1.3.Finenessratiosofthecylinderstestedwere15,
30,and60. Resultsofpreviousexpertientaltestsofcircularcylinders
havinginfinitefinenessratiosareincludedinthispaperforcomparison.

Forsupersonicspeeds,thedragofcirculsrcylindersislargely
independentoffinenessratioandReynoldsnuuiber.AtsubsonicMach
numbers,thedragoffinite-lengthcylinders(finenessratiosofabout
60andbelow)Increasesastheirfinenessratiosticrease.

INTRODUCTION

Becauseoftheinterestthatexistsinthedragofcirculercylinders
andbecauseofthelackofexperimental.dragdataforcylindersforMach
nunibersintheregionofunity,theNationalAdvisoryComnitteefor
Aeronauticshastie somefree-flightteststodeterminethedrsgof
circularcylindersoffinitefinenessratiosathighReynoldsnumbers.

Cylindershavingfinenessratiosof15,30,end60weretestedin
freeflightoveraMachnuderrsmgefrom0.5to1.3; therangeofcorre-
spondingReynoldsnuniberbasedoncylinderdiameterwasfrom1.25x 105
tO 7.25x lo~. Thecylinderswerenmuntedontestbodiesinsucha manner
astominimizeInterferenceeffects.Thetestswereconductedatthe
PilotlessAircraftResesrchStationatWallopsIslsnd,Va.
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Theresultsofthesetestsarepresentedhereinandarecompared
withpreviouslyobtainedexperimentaldragdataforcircularcylinders
ofinfinitelengths.

SYMBOLS

bT total-configurationdragcoefficientbasedonthetest-body
frontalarea

Q cylinderdragcoefficientbasedoncylinderfrontalarea

M Machnwiber

R Reynoldsnuniberbasedoncylinderdlsmeter

n finenessratio,L@

L lengthofcylinder,in.

D diameterofcylinder,in.

MODELSANDTESTS

Thegeneralarrangementforthethreetestconfigurationsusedin
thisinvestigationisshowninfigure1,anda photographofa typical
modelisshownasfigure2.

Thebasicbodyonwhichthecylindersweremountedwasa simply
constructedcircullsr-cylindricalwooden.bodyhavinga specialfinassenibly.
Therectangularendplatesmountedontheendsofthehorizontalfins
providedthenecessarystabilizingareaintheverticalplane.The
cylinders,inturn,weremountedontheend”platessothatessentially
halfa cylinderwasmountedoneachendplate;theleadingedgesofthe
endplateswerebeveledonthesideawayfromthecylindersinorderto
minimizetheflowdisturbancesoverthecylinders.Thefinassenilily
andcylinderswereconstructedofsteel.

Themodelswerepropelledbya two-stagerocketarran&ement.The
ftiststagewasa high-velocityaircraftboosterrocketequippedwith
fourfins;thesecondstagewasa 3.2~-inchaircraft-rocketcontained
withinthemodel.
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TestdatawereobtainedbytheDopplerradar
inreference1. Infigure3,theReynoldsnumber

3

techniqueasdiscussed
duringflight,based

oncylinderdiameter,isplottedaga&stMachnuniberforeachcylinder
tested.

Theaccuracyofthetestsisesthnate’dtobewithinthefollowing
limits:

%
At M=O.8 . . . . . . . . . . . . . . . . . . . . . . . . . @ .02
At M=l.2 . . . . . . . . . . . . . . . . . . . . . . . . . *r).01
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M .01

RESULTSANDDISCUSSION

Total-configurationdregcoefficientsplottedagainstMachrnmiber
sreshowninfigure4 fora typicaltestconfiguration.Datapoints
areshowninthisplottogivethereadera representativeexampleof
thenuuiberofdatapointsandtheirscatterfromwhichthefairedcurves
offigure5wereobtained.

Figure5 showsthevariationoftotal-configurationdragcoefficients
(basedonbodyfrontalarea)withMachnumiberforthethreecylinders
tested.Alsoshowninthisfigurearethe&ragcoefficientsofthebasic

m testmodel.

Cylinderdragcoefficients(includingcylinder-end-plateinter-. ferencedrsgandbasedoncylinderfrontalarea)forthethreecylinders
testedwereobtainedasthedifferencebetweenthetotal-configuration
dragad thedragofthebasicbodyandareshowninfigure6 plotted
againstMachnumber.Alsoshowninthisfigureforcomparativepurposes
aresomesupersoniccylinderhag coefficientsdeterminedexperimentally
byStanton(ref.2)sndBusemann(asshowntiref.3). Thecylinders
testedbyStantonwereofinfinitefinenessratios.Busemsnn’stest
wasmadeina blowdowntunnelwiththecylinderextendingthrotihthe
jet.Becausedeviationsfromtheuniformityoftheflowexistedatthe
edgesofthejet,theeffectivefinenessratioofthecylinderwasindeter-
minate;however,itisbelievedthatitwouldapproachinfinity.

ThevariationofthedragcoefficientswithMachnuuiberforthe
cylindersofthepresenttestsformsa bandwhich,at M = 0.7,centers
sroundapproximately1.2,increasestoabout1.9at M = 0.95,andthen
decreaseswithincreasingsupersonicspeedstoapproximately1.5at
M= 1.3. Thecoefficientstithinthisbandshowthatthedragofcylin-
dersincreasesastheirfinenessratiosincreaseatsubsonicMachnumbers.>
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At--supersonicspeeds,however,thewidthofthebandofthecoefficients
hasdecreasedandnoapparenttrendofthedragcurvesrelativetoeach
otherexists;further,thesupersonicdragcoefficientsdeterminedby
StantonandBusemannforcylindersofeffectiveinfinitefinenessratios,
endatReynoldsnumbersmuchlowerthanthoseof%hepresenttests,
appeartobeconsistentwiththecoefficientsofthepresenttests.From
thecomparativeagreementoftheresultsofthesetests,itappearsthat
cylinderdragcoefficientsarelargelyindependentofReynoldsnuniber
andfinenessratioatsupersonicspeeds.(AlthoughtheReynoldsnuder
oftheBusemanntestisnotlistedinref.3,Dr.A.Busemann,whoisnow
attheLangleyLaboratory,confirmedthathistestwasmadeata Reynolds
numberofapproximately50,000.)

Thedipexistinginthedrag-coefficientcurvesforthecylinders
offinenessratiosof30 and60 atapproximatelyM = 0.825maybethe
resultoftransitionfromlsminartoturbulentflowaroundthecylinders;
thisresultisconsideredfurtherinthediscussionoffigure7. Similar
dipsincylinder-dragcurveswereshowninreferenceJ-whereanunsuc-
cessfulattemptwasmadetocorrelatetheoccurrenceofthedipswith
wake-widthvsriation.Thelackofa dipinthedragcurveofthecylinder
havinga finenessratioof15maypossiblybe“explainedbymorepre-
dominantendeffectsexistingforthislowerfinenessratio.

●
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Thedragcoefficients(basedoncylinder_fYontalarea)forthe
cylinderstestedareshowninfigure7plottedagainstReynoldsnumber.
Alsoshowninthisfigure,forcomparativepurposes,srepreviously
obtainedexperhentaldragcoefficientsofcylindersflromreferences5
to7. TheresultsforthetwolsrgercylindersofStack’stests(ref.6)
veryclearlydefinethepronouncedeffectsonthedragcoefficientsof
cylinderswhentransitionfromlsminartoturbulentflowoccurspriorto
thecriticalMachnuuiber.Whenthiseffectisrememberedandthetrend
oftheinitialportionsofthedragcurvesof“thepresenttestsisnoted,
itappearsthatthedipsinthedragcurvesforthetwocylindershaving
thehigherfinenessratiosmaybeattributedtotheoccurrenceofthe
criticalMachnumberfollowedbytransition,thecompressibilityeffects
beingpredominant.

●

At subcriticalMachnumbersandReynoldsnuribersthedragofthe
cylinderhavinga finenessratioof60agreeswiththatforcylindersof
infinitefinenessratios(seefig.7);thus,whendeterminingdrsg,
cylinderswithfinenessratiosofabout60orgreatermaybeconsidered
tobeofinfinitelength.
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CONCLUSIONS
*

Free-flighttestsinaMachnuniberrsugefromabout0.5to1.3ofs circulsrfinite-lengthcylindersandtheresultsofpreviousexperimental
testsofcirculsrcylindershatinginfinitelengthsleadtothefollowing
conclusions:

1.Dragofcircularcylindersatsupersonicspeedsislargelyinde-
pendentoffinenessratioandReynoldsnumber.

2.AtsubsonicMachmmibers,thedragofftiite-lengthcylinders
(ftienessratiosofabout60andbelow)increasesastheirfinenessratios
increase.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,April3,1952.
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(b) End views of the cylinder configurations.

Figure 1.. General arrangement of model configurations showing the basic
test body and the three cylinder configurations tested. All dimensions
are in tithes. -1
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Figure2.. Planviewofa typicalcylinderconfigurationinvestigated.
n= 30,
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Figure 3.- Variation of Reynolds number in flight, based on cyltider
diameter, with Mach nuniberfor the cykbxiers tested.
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Figure k.- Variation of total dreg coefficientswith Mach nunber for
a typical cylinder com?iguration showing data points. n = ~;
D= 1 inch.
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Figure7.-Variationoftotaldragcoefficients,basedonbodyfrontal
area,withMachnumberforthecylinderconfigurationsinvestigated
andforthebasictestbody.



‘4 .5

CD

Z.4

8.0

1.6

1.8

.8

.4

0
.5 .6 .7 .0 .0 1.0 1.1 l.e 1.3 1.4 1.6 1.6 1.7 1.0 1.9 e.o e.1

M

Figuze 6.- Variation of cylinder drag coefficients, based on cylhier
frontal area, with kiachnumber for the cylinder configurations
tested. Also shown are two experimentally determined supersonic
cylinder drag coefficients of previous investigations.
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Figure 7.- Variation of the cylinder drag coefficients, ba6ed on
cylinder frontal area, With Reynolds nur!iberfor the cylinders of
the present tests end for infinite length cylinders of previous
investigations. (Symboled pointa do not represent experimental
test points.)
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